Using a unique combination of ethnographic methods, healthcare facility chart reviews, and individual waterborne parasite tests, the health impacts of providing water treatment systems for communities in Uganda are compared to the impact measured using identical water technology and similar research methods in Honduras. While self-reported diarrhea rates improved in the Ugandan test communities when compared to controls, no significant impact was detected in any of the other measures. This contrasts sharply with findings in Honduras where all measures demonstrated statistically significant improvement after installation of identical water treatment systems. Ongoing ethnographic work reveals that knowledge of waterborne pathogens was universal in both Uganda and Honduras while practices related to water consumption varied greatly. Additional factors effecting these outcomes will be discussed.
INTRODUCTION

According to World Health Organization data (WHO ),
at least 4% of the worldwide burden of disease would be alleviated by improved water supply, sanitation, hygiene, and management of water resources -making water related diseases arguably the most manageable set of health problems affecting modern humans.
A great deal of work has been done attempting to measure the impact of interventions to provide improved water sources at the household level, and less frequently, at the community level. The overwhelming majority of these studies have also used either key informant or selfreporting of diarrhea (defined as three or more loose stools per day) as the measure of disease burden. Reliance upon such non-objective measures introduces a host of potentially confounding variables and yet appears to have been used in all of the 2,120 published studies reviewed in a far-reaching meta-analysis produced for the World Bank on diarrhea and water interventions (Fewtrell & Colford ) . While some of these deficiencies may be reduced by shortening recall time to 72 hours or less, it appears that the majority of such assessments have continued to use questionable methods and potentially profound observer effects remain. Estimates of disease load changes are further impeded by some researchers' concentration on known users of water systems rather than measurements on community levels of disease changes regardless of compliance, thus making extrapolations of disease rate changes inappropriate (Brown & Thomas ) . This is especially true of point-of-use water system studies. A further confounding effect from measuring diarrhea only is that, while the most common waterborne pathogens cause diarrhea, many other non-waterborne pathogens also cause the same symptom -most notably, viral and food-borne illnesses (Parashar et al. ) .
Under a private grant, Water Missions International (WMI) began construction of community water treatment facilities in 25 communities in Uganda within 1 km of Lake Victoria. The location of the projects was on request of the donor. The water treatment facilities use a series of mixed media filtration followed by disinfection by addition of two parts per million of chlorine. Chlorine levels are further adjusted to provide a residual at the point of distribution of 0.2-0.5 parts per million. This residual assures that chlorine is not totally consumed during the initial decontamination process as well as providing additional protection from household contamination prior to consumption.
WMI requested the impact study discussed in this paper as part of an ongoing quality improvement effort. The specific goal of this research as relates to this paper was to measure the health impact on the communities being served by the community water treatment system.
METHODS
Researchers were provided with a list of communities whose construction plans coincided appropriately with planned research. Communities were then assigned to either the Test or Control groups based upon this schedule. Potential Test Communities were scheduled to receive water treatment systems at the time when or before the initial round of data was gathered. Potential Control Communities were selected from those scheduled to receive treatment facilities after the research had been completed. Three final test and three control communities were selected by pair matching them according to population, presence of a public health facility, and proximity to Lake Victoria.
Geographical cluster sampling was performed using satellite imagery to identify physical housing units and potential households. In order to assure representative sampling from significant geographical features such as the lake access and boreholes, each community was divided into sections of approximately equal numbers of households and assigned to researcher units. These households were given numbers, randomly selected, and then approached sequentially until the quota for that section had been filled. While some households were skipped because no one was home when approached, no household recruited by the sampling method refused to participate. One interview was performed at each house and the entire household was invited to provide stool samples. In all cases, the interviewee also provided a stool sample. People were excluded if they were younger than 3 or older than 70 years of age, pregnant, or on long-term medication for HIV/AIDS. Global positioning system coordinates as well as photographs of homes and participants were taken to aid the researchers in finding participants during the follow-up phases. Lab personnel were blinded to the interview results.
Incentives to participate were provided in the form of treatment for detected parasites, soap, and printed photo- for species-specific antigens of common parasites known to be primarily waterborne. The device chosen for this study tested for three protozoan parasites: Giardia lamblia (now widely known as Giardia intestinalis), Entamoeba histolytica/Entamoeba dispar, and Cryptosporidium parvum antigens. Previous work has shown these tests to have both specificity and sensitivity in excess of 96% for the before-mentioned pathogens (Garcia et al. ) . In this study, immunoassay of stool for these waterborne parasites was used as an indicator that the subject had been exposed to waterborne pathogens and was therefore at risk of these and other infectious waterborne illnesses. All specimens were tested within 12 hours of collection using the Triage Micro Parasite Panel ® manufactured by Biosite Incorporated. All subjects at any phase of the study who tested positive for protozoan antigens were treated with an ageadjusted dose of tinidazole. The effect of medical treatment of subjects upon the present study is to provide a population that on follow-up either tested negative or were given highly effective treatment at the beginning of the study -thus providing a subpopulation, which was believed to have begun demographic surveys and stool samples were again collected from the same participants as well as additional participants with the age limit lowered to 3 years (total n ¼ 694) in order to assure acceptable statistical power. Six months later, 77 subjects were no longer available for follow-up, most commonly due to relocation, pregnancy, or death resulting in a final population of 616 subjects.
Further information regarding diarrhea and dysentery rates was obtained by reviewing medical records from a public health clinic in a community where a water treatment system had been previously installed. 
ETHNOGRAPHIC RESULTS
The resulting ethnographic material included in excess of 2,500 videos and photographs, 16 focus groups, 142 loosely structured interviews including 110 hours of recordings and 427,345 words of transcription. Age and gender distributions for all subjects are found in Table 1 .
In 2010, initial interviews with 142 subjects revealed a high level of knowledge regarding water and hygiene issues with all subjects mentioning without prompting that the lake water was not safe to drink. As seen in Table 2 , despite this knowledge, the subsequent KAP survey revealed that 68% had consumed water from a source of unknown safety (87% in control communities and 53% in test communities).
In addition, sources of water for purposes other than drinking showed extensive use of lake water (see Table 3 ).
When asked about important health issues in the community without further prompting, malaria was mentioned 142 times (100% of interviewees) whereas diarrhea or dysentery was mentioned 78 times. Collectively, fever (separate from malaria) and/or cough were mentioned 60 times. HIV/AIDS was a major concern for the majority of subjects and was brought up unprompted 34 times, always with comments indicating knowledge of its frequency and severity. One subject, for instance, stated that 'We have all of these diseases, but AIDS has finished us'.
Knowledge regarding the purpose of using chlorine in water correlated strongly with the higher economic indicators (Χ 2 (1) ¼ 16.12, p < 0.001), however, there was no significant difference in correct knowledge related to chlorine between test (52.7%) and control communities (51.3%).
MEDICAL RECORDS REVIEW RESULTS
The records of 19,490 patient visits to local healthcare facilities that occurred during the 5-month period since the test communities obtained access to treated water and the same months of the previous year when no treated water was available were reviewed. A diagnosis of dysentery or diarrhea accounted for 916 of these patient encounters. During the same months the following year, after installation of the water treatment systems in the test communities, a dramatic increase in visits for diarrhea and dysentery occurred in both test and control communities. For unknown Subjects were allowed to choose more than one water source for each activity.
reasons, visits for these causes increased by 6.07 times in the test communities and 6.54 times in the control. While the increase was greater in the control communities, the incident rate differences of 0.388 in 2010 and 0.360 in 2011 were not statistically significant. We therefore concluded that the differences in the clinic visits for diarrhea or dysentery between test and control communities (fewer in the test communities) could not be attributed to the water treatment intervention. As of the time of this writing, no explanation for the increase in diarrhea and dysentery rates in all communities in 2011 has been identified.
KAP SURVEY RESULTS
At baseline prior to installation of systems, 30% of the participants in the test communities (where treatment systems were to be installed) reported having diarrhea compared to 18.5% in control communities. Age-adjusted odds ratios Age, economic status (as indicated by the economic scale described earlier), distance to the safe water distribution point, and distance to the lake did not correlate to the self-reporting of diarrhea.
PARASITE IMMUNOASSAY RESULTS
The combined prevalence of the parasite tests is found in Table 4 . The overall prevalence of positive parasite tests at the beginning of the trial before the water treatment systems were active was 20.8% (23% in test communities and 18% in control communities). No cases of Cryptosporidium were detected. Giardia accounted for 57.9% of the positive tests in the initial round of tests and 52% in the final round of testing while Entamoeba accounted for the remainder.
Similar to the self-reported diarrhea results, there was a higher odds in the test group for having Giardia at the start of the study [age-adjusted OR ¼ 1.68, 95% CI (1.03, 2.73)].
Although the percentage of participants with Entamoeba was higher in the test group than the control group at the start of the study, this difference was not found to be significant [OR ¼ 1.14, 95% CI (0.66, 1.97)]. All of these subjects received appropriate doses of tinidazole. Further stratification of the data was performed by age groups, gender, economic status, distances to the lake, distances to the treated water tap, and education levels, and again, no statistically significant differences were observed in test versus control communities within any of these groups.
DISCUSSION
This paper represents an extension of a study in Honduras using similar methods (Deal et al. ) . To our knowledge, The test communities in this study had ready, cheap, and convenient access to water that meets US safety standards, and yet, we could detect only limited improvements in their health. There is no credible reason to doubt that drinking biologically contaminated water causes diseases and that drinking only pathogen-free water is safer. This study is in contradistinction to our own work in Honduras as well as a wealth of prior work related to waterborne diseases and is significant in that it points to an inescapable fact:
This confirms ethnographic observations that inhabitants
human health is an irreducibly complex puzzle. One cannot expect to consistently find improvements of health metrics by correcting only one piece of this puzzle. We already know how to treat water at low cost and in vast quantities. For these reasons, we would suggest that the major advances in managing the enormous disease loads caused by waterborne illnesses and hygiene will be socioeconomic and not technological. Water issues and management represent a field in which anthropological inquiry, as a part of multidisciplinary approaches, must play a central role.
Caution must be exercised in extrapolating this study to suggest that efforts such as the water project represented here are without merit or are not 'cost effective'. Clearly, a lack of detectable health improvements creates potential public relations issues for non-governmental organizations dependent upon donations, however, the intellectual integrity and courage required to seriously study this issue and support publication of even negative results should be applauded and replicated. Access to safe water is just one of many components required for health. It should be selfevident that organizations should not withhold this critical resource solely, because all of the other components for health cannot also be provided. Put simply, it would be wrong to do nothing because we cannot do everything.
